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The possibility of treating the comets as natural probes of the solar system presents one of 
the attractive sides of cometary astronomy (Biermann and Lust, 1966; Brandt and Hodge, 1964; 
Dobrovolsky, 1961). In ronnection with the plans to study comets from space, new aspects for 
comets as interplanetary probes are of interest. In the present report, possible meteor formation 
in cometary heads and the implication for space research are considered. 

The travel of a comet through the interplanetary medium is accompanied — due to a large coma 
radius r(- (> IqS cm) — by a great number of collisions with interplanetary dust particles. The 
mean free path, l and the frequency of collisions, v of a cometary coma with dust particles are: 


L . - 10 ^ cm, V = — ' 1o’^ s’. (I) 
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The numerical estimate in (1) is given for heliocentric distances R«sl a.u., where the probable 
concentration of dust particles is n - 10~^® cm~3 and the mean relative velocity of cometary 
molecules and interplanetary grains meeting the comet, is vi«6*10^ cm/s. 

The interplanetary particles colliding with the cometary coma will receive the thermal energy: 
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where-A_is the efficiency of energy transformation, and S is the area of the frontal section of a 
particle; ^ is the mass density of cometar'y gas along the particle path, which may be expressed as 
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Here Q(R) is the gas production rate of the cometary nucleus per cm2.s*sr, ^ is the mean 
molecular weight of the gaseous coma, m^ is the mass of the hydrogen atom, rQ is the radius of 
the cometary nucleus, r is the cometocentr ic distance, is the mean tnermal velocity 
corresponding to the gaseous coma temperature. 


The energy radiated from the particle surface at temperature T, equals 


(-§^) = 4eoST'^ (4) 

where E IS the integral coefficient of radiation, and a is tne Stephan-Boltzmann constant. 

Equating the expressions (2) and (4) we find the quasi-stationary temperature of 
interplanetary particles crossing the coma: 
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It should be noted that (4) and (5) are — on one-.hand — applicable to sufficiently large 
particles satisfying the condition of absence of diffraction effects: a > /2 tt 10~5 cm 

(Xg, is the mean wavelength of the solar thermal radiation) and to sufficiently small particles 
satisfying the condition of the quasi -stationary heating: 

Ttr > Tx; Ttr > (6) 

on the other hand. Here rtr^ 

r/v is the characteristic particle travel time for a certain zone 
of the coma: T\ = c6a^/(4x) is the characteristic time of particle heating due to heat 
conductivity (c, x and 6 denote, respectively, the specific heat capacity, heat conductivity and 
the density of particles). Tt = 4TrC6a3/( 3eaTs^) IS the character! Stic time for heating 
the particle up to quasi stationary temperature T = 1$ (Ibadov. 1979). For the i ron-si 1 icate 
particles with the characteristic values of ^tr ~ 1 s, c ~ 10' erg/g-K, 6 ~ 1 g/cm3, 

X ~ 10^ erg/(cm-s-K) , T ~ lO^K, according to (6) we have a^ 0.1 cm. Thus, formula 

(5) is applicable to the overwhelming (by mass) part of the interplanetary particles hitting the 

head. 

We assume that intense evaporation of the particles begins at J X> 2000 K. Then the necessary 
condition for meteor appearance in the coma may be written, on the basis of (3) and (5), in the 
form 
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where ru is the upper boundary of meteor appearance. 


(7) 


Taking in (7) ry ro we may find the minimal gas production rate of the nucleus Qmin 
allowing meteor generation as 
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It can be shown that the velocity of coma meeting particles, averaged over the frontal 
hemisphere can be approximated by the expression 

v= v(R)?5r 6-1 o8 R-1/2 cm/s (9) 

with R in a.u. Introduction of (9) in (8) gives 
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According to (10) we get Qmin^ii 2.5-lol8 molec/(cm2. $• sr) at typical values 
R 1 a.u., vj 5 - lo4 cm/s, e 1 ,_A- 1, y « 30. For bright comets Q5 Q(R) ~ 1 o18/r2 

molec/(cm2* s- sr) , so the meteor phenomena will develop at R 1 a.u. in the heads of many 
comets and, in particular, in the head of Halley’s comet near its perihelion 
(q 0. 5 a.u.). 
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It is more convenient to express the "upper", boundary of meteor appearance, r^j, through the 
total gas production rate of the cometary nucleus Q [molec/s] thus excluding the unknown rg. 
Indeed, assuming the homogeneous emission Q [molec/s] =4irrQ2 Q[molec/(cm2*s-sr)] and 
using relations (7) and (9) we obtain 


Q [molec/s] 
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Adopting earlier mentioned values of parameters entering the right-hand side of (11), we 
obtain rg 10^ cm for Q = 1030 molec/s at R « 1 a.u. and r^ 10^ cm for 
Q ~ 1031 molec/s jat R ~ 0.1 a.u. 

i 

On the other hand, equation (11) gives a new method for determining Q provided r^ is known, 
rg can be determined, for instance, by measurement of the temperature of an artificial probe in 
a form of a dropljet or, better in form of a bubble with very thin walls. 

The registration of the products of meteor processes in the heads of comets could give 
information abouti the spatial density of solid particles ds(R) the interplanetary medium. 
Estimates show that interplanetary particles with masses'^ 10“^ g, moving in the opposite 
direction to the jcometary motion, fully disintegrate in the Halley type comas at R *< 1 a.u. This 
results in formation of a cloud of atoms of refractory elements in the head. For instance within 
the angular limits given approximately by r^/A (a is the comet-observer distance), the column 
density of iron atoms in a Halley type comet, N(Fe) ~ 10^ atom/cm2, is achieved at R ~ 0.5 
a.u. provided ^s(0*5) ~ lO"^^ g/cm3. This value exceeds by many orders of magnitude the 
atom concentratiojn due to evaporation of cometary dust particles in the thermal radiation field of 
the Sun (Ibadov, il980). So, the problem of registration of cometary emission in atomic lines of 
refractory elements (Fe, Ni, Si, etc.) at large heliocentric distances becomes topical. 

These emissions could be detected by a detailed study of the Fraunhofer profiles of cometary 
spectral lines wh|en the heliocentric radial velocities are non-zero. 


Of course, the probable appearance of meteor phenomena in the heads of comets indicates tne 
potential possibility of their study also on the basis of meteor astronomy methods. The further 
development of all these methods in the program of cometary observations from space would expand 
the informati vit^ of cometary investigations. 
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